A 4.2-kilobase (kb) cryptic plasinid is present in 96% of isolates of Neisseria gonorrhoeae. An inability to construct isogenic derivatives which vary in the presence of the 4.2-kb plasmid has prevented the study of its function. We report a method to deliver an intact 4.2-kb plasmid into plasmidless gonococcal strains. The method involved transformation with novel 15.7-kb hybrid penicillinase-producing (Pcr) plasmids, which were cointegrates containing two copies of the 4.2-kb plasmid arranged in tandem direct repeat plus one copy of the 7.2-kb Pcr plasmid pFA3. When the 15.7-kb hybrid Pcr plasmids were introduced into a gonococcal recipient lacking evident plasmids, they dissociated at a relatively high frequency into plasmids identical to their parents: the 4.2-kb cryptic plasmid and pFA10 (a stable 11.5-kb plasmid containing one copy of each of the 7.2-kb Pce plasmid pFA3 and the 4.2-kb cryptic plasmid pFAl). Curing strains of their Pcr plasmids resulted in isogenic strains which varied only in the presence of the 4.2-kb plasmid. A phenotype can be assigned to a plasmid either by curing the host strain of the plasmid or by transferring the plasmid of interest into a plasmid-free strain. Previous attempts failed to eliminate the plasmid from strains that carry it (24), and transformants or trahsconjugants that acquired a 7.2-kb Pcr plasmid failed to acquire the donor cryptic plasmid (39).
frequencies of variation of outer membrane protein II. The interpretation of the functional significance of the 4.2-kb plasmid was complicated, however, by the additional finding that each of three tested plasmid-free strains contained a chromosomal fragment of about 1.6 kb that hybridized under moderate stringency with a
1.65-kb Hinfl fragment of the 4.2-kb plasmid.
A small cryptic plasmid of 2.6 megadaltons (4.2 kilobases [kb] ) is present in about 96% of gonococcal isolates (28, 33) . A concatemeric form of the plasmid (7.8 megadaltons) also has been reported (20) . The plasmid structure is highly conserved in different isolates, although minor differences in certain restriction sites have been noted (12, 16 ; K. Burnstein, personal communication). A complete nucleotide sequence of a 4.2-kb plasmid, pJDl, was reported recently (22) .
Several investigators have reported a correlation between the lack of a 4.2-kb plasmid and altered phenotype. A survey of 85 strains isolated from diverse geographical locations in Canada showed that those strains that lacked any visible plasmid also required proline, citrulline, and uracil for growth (PCU-auxotype [8] ) (13) . Similar observations were noted in Bristol, England (10) . Lack of a plasmid also has been associated with sensitivity to vancomycin, a drug used in some gonococcal isolation media (30) . Other studies failed to associate the plasmid with various properties including antibiotic resistance (3), immunoglobulin Al protease production (21) , iron utilization (29) , and piliation (16, 28) .
A phenotype can be assigned to a plasmid either by curing the host strain of the plasmid or by transferring the plasmid of interest into a plasmid-free strain. Previous attempts failed to eliminate the plasmid from strains that carry it (24) , and transformants or trahsconjugants that acquired a 7.2-kb Pcr plasmid failed to acquire the donor cryptic plasmid (39) .
In this paper, we describe a method to deliver an intact 4.2-kb plasmid into a plasmid-free recipient by using a novel, unstable 15.7-kb penicillin-resistant hybrid plasmid that contains two copies of the 4.2-kb plasmid in direct tandem repeat orientation. We also studied putative functions ascribed to the 4.2-kb plasmid, using the constructed isogenic * Corresponding author.
strains, and searched for evidence for chromosomal sequences homologous with the 4.2-kb plasmid.
MATERIALS AND METHODS
Bacterial strains and growth. The bacteria and plasmids used in this study are described in Tables 1 and 2 . Media and growth conditions were as described previously (4) . GC Medium base broth or agar from Difco Laboratories, De- troit, Mich., was used throughout. The presence of Ilactamase production was confirmed by a chromogenic cephalosporin indicator, compound 87/312 (Glaxo Research Ltd., Greenford, England) (32) .
Preparation of DNAs and restriction endonuclease digestion. Chromosomal DNA of nonpiliated cells (Pil-) was isolated by the method described by Marmur (26) . Plasmid DNA was isolated by alkali denaturation and phenol extraction of whole cell (Pil-) DNA followed by one cycle of ethidium bromide-cesium chloride density gradient centrifugation (4) . Restriction endonuclease digestions were performed as recommended in instructions supplied by the manufacturers (Bethesda Research Laboratories, Inc., Gaithersburg, Md., and New England Biolabs Inc., Beverly, Mass.).
Transformation. The transformation protocol for gonococci was similar to that described previously (4, 38) . Escherichia coli strains were transformed by the method of Dagert and Ehrlich (11) .
Screening for plasmid content. Crude cell lysates containing plasmid DNA were prepared by a modification of the method described by Mayer et al. (27) . A 50-,ul portion of cleared lysate was subjected to electrophoresis on a submerged 0.8% agarose horizontal gel. The gel buffer contained 40 mM Tris-20 mM sodium acetate-2 mM EDTA (pH 8). Gels were stained with 1 ,ug of ethidium bromide solution per ml and viewed with a long-wave UV transilluminator. Photographs were made through a Vivitar orange filter by using Polaroid type 55 film. Recovery of DNA from gels. DNA was extracted by treating gels made from ultrapure agarose (Bio-Rad Laboratories, Richmond, Calif.) with agarase (Calbiochem-Behring, La Jolla, Calif.) by following the method described by Finkelstein and Rownd (15) . The procedure described by Higuchi et al. (19) was used for the extraction of bulk DNA from low-melting-point agarose (BioRad or Bethesda). Restriction fragments were purified by excision of the fragment of interest from an agarose gel, followed by electroelution of the DNA into a dialysis sac containing Tris-borate buffer (25) , phenol extraction, and concentration by ethanol precipitation.
Hybridizations. Hybridizations were performed essentially as described by Southern (36) (2) . Identification of plasmid-encoded polypeptides (maxiceli procedure). Plasmid-encoded polypeptides were identified in vivo by modifications of a protocol described by Taylor et al. (43) . Strain SE5000 and derivatives harboring either pBR322 or other plasmids were grown at 37°C in M9 medium supplemented with 0.5% Casamino Acids (Difco) and 0.4% glucose to an optical density at 600 nm of 0.5. Samples (7.5 ml) were spread evenly over the bottom of sterile, 100-mm glass petri dishes and irradiated with 100 to 150 J of UV light per mm2. The irradiated cells were incubated with shaking at 37°C for 1 (25) a pcr transformants were selected on media containing penicillin G (0.5
Fg/ml for recipient FA293 and 2.0 g±g/ml for recipient FA844 or FA6073). Altered plasmids were detected by agarose gel electrophoresis as described in Materials and Methods.
gel electrophoresis (23) . The gels were dried and then exposed to Kodak XAR-5 film at -70°C for several days. Determination of P.II switch frequency. We introduced a gene for a protein-II (P.II) protein from strain FA1090 for which a specific monoclonal antibody was available (6) into plasmid-free strain FA759. DNA from P.IIb-expressing FA1090 was incubated under nonsaturating conditions with competent FA759 cells, and P.IIb-expressing transformants were identified by colony blot radioimmunoassay (6), by using monoclonal antibody H.4 that did not recognize any of the native P.II proteins in strain FA1090. From one P.IIbpositive transformant (FA6074), a derivative was con- Other methods. Susceptibilities to pyocins weri mined as described previously (18, 31, 35) . Suscepti vancomycin (Eli Lilly & Co., Indianapolis, Ind.) wE mined by plating approximately 100 CFU of it gonococci onto GC Medium base agar supplemeni various concentrations of vancomycin. The concenti vancomycin at which less than 50% of CFU survived h of incubation at 37°C was the single-cell MIC. Th described by Catlin (8) Table 2 , footnote a). The map is calibrated in kilobases extending clockwise from the single HincII site (arrow). The region of plasmid not designated by a heavy line is of pFA3 origin. The map was composed by reference to a map of the 11.5-kb pcr plasmid pFA10 (17) and on the basis of results discussed in the text. Fragment sizes are indicated in base pairs.
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on July 6, 2017 by guest http://jb.asm.org/ Downloaded from pFA38 transformants of recipient gonococci that originally contained no plasmids, restriction endonuclease cleavage patterns of gel-purified plasmids of 4.2, 11.5, and 15.7 kb prepared from FA6025 were compared with those of pFA1, pFA10, and pFA38. Results showed identical MspI fragments in pFA10 and pFA38, except that pFA38 acquired two additional fragments: a 3-kb fragment that comigrated with one of similar size from pFA10; and a new 1.1-kb fragment (Fig. 3) . The presence of two 3-kb fragments in pFA38 was confirmed by comparisons of the intensities of gel bands by densitometry (data not shown). The 3-and 1.1-kb fragments in pFA38 were identical in size to MspI-digested pFAl fragments (Fig. 3) . These results suggested that pFA38 was formed from pFA10 by insertion of another copy of the 4.2-kb plasmid pFA1. This conclusion was supported by analysis of Hinfl digests of pFA38, pFA10, and pFA1; two additional fragments of 2.4 and 1.8 kb were found in pFA38 as compared with pFA10, and the 2.4-and 1.8-kb fragments were identical in size to the Hinfl-digested pFA1 fragments (data not shown). Finally, AvaIlI digests of pFA38 generated a new 4.2-kb fragment that was precisely the size of linearized pFA1 (Fig. 3) . These results provided evidence that pFA38 was formed by joining a copy of 4.2-kb pFAl (having one AvaII cleavage site) in direct tandem (head-to-tail) repeat order to another copy of pFA1 already present in pFA10 (Fig. 4) .
The agarose-eluted DNA bands that corresponded to the 4.2-kb and 11.5-kb covalently closed circular plasmids in FA6025 were also digested with AvaII, Hinfl, MspI, and TaqI and were compared with similar digests of 4.2-kb pFA1 agarose eluted from strain FA293 and 11.5-kb pFA10 prepared from FA675. The results showed identical restriction digest patterns for the two 4.2-kb plasmids and the two 11.5-kb plasmids, indicating that pFA38 segregated into its component plasmids pFA1 and pFA10 in FA6025 (data not shown).
The introduction of pFA38 into E. coli resulted in transformants containing the donor Pcr plasmid pFA38 (15.7 kb) and its Pcr derivative, pFA10 (11.5 kb) ( Table 4) . No transformant of E. coli was observed with a Pcs 4.2-kb plasmid analogous to pFA1, presumably because pFA1 failed to replicate in E. coli.
Mechanism of formation of pFA38. The formation of pFA38 presumably occurred by the addition of a copy of the recipient's 4.2-kb plasmid into donor pFA10 during transformation, since gonococcal recipients lacking a 4.2-kb plasmid never produced plasmids larger than pFA10 (Table 3 ). This possibility was tested by the use of recipients containing 4.2-kb plasmids that could be distinguished by differences in (FA6058, FA6073) .
The transformation of a competent strain FA6073 containing a 4.2-kb plasmid with pFA10 DNA prepared from FA675 resulted in a 20-fold-increased frequency of pcr transformation compared with an isogenic recipient (FA844) lacking the 4.2-kb plasmid (Fig. 6) . No suggesting that the effect of the 4.2-kb plasmid was specific for transformation by pFA10. Since donor pFA10 contains a 4.2-kb plasmid pFA1, closely related to pFA102 in the recipient FA6073, the increased transformation frequency probably resulted from marker rescue (4) mediated by the homologous plasmid in the recipient. Identification of pFA38-encoded proteins. Since pFA38 must contain an intact reading frame of a 4.2-kb plasmid and is able to replicate in E. coli, we used the maxiceil system (34) to identify proteins encoded by a 4.2-kb plasmid. Six proteins, 55K (apparent molecular weight, 55,000), 41K, 40K, 29K, 18K, and 14K, were consistently produced by an E. coli SE5000 derivative containing the control 7.2-kb pcr plasmid pFA3 (Fig. 7, lane 1) . In addition to these proteins, three additional proteins, 36.5K, 17K, and 12K, were produced reproducibly but in small amounts by SE5000 derivatives containing pFA38, pFA40, and pFA41 (Fig. 7, lanes 2,   3, and 4, respectively) . A 20K protein was produced only by pFA40 (Fig. 7, lane 3) . These results suggested that four proteins, 36.5K, 20K, 17K, and 12K, were encoded by the 4.2-kb plasmids.
Identification of chromosomal DNA partially homologous with the 4.2-kb plasmid. To detect possible plasmid sequences in the chromosome, hybridization was performed with a 4.2-kb plasmid DNA. We used the hybrid plasmid pFA10 ([pFA1:pFA3]; see Table 2 , footnote a) prepared from E. coli FA6035 as the probe. The 4.2-kb plasmid pFA1 does not replicate in E. coli, but the plasmid can be grown in E. coli when it is integrated into a plasmid such as pFA3 that will replicate in E. coli. Results with pFA10 DNA as the probe were identical to those obtained with gel-purified 4.2-kb plasmid DNA from a gonococcal host strain as the probe (data not shown). As a control, hybridization with pFA3 DNA failed to detect homology in similar experiments (data not shown). Under moderate stringency, the pFA10 DNA probe hybridized to a 1.6-kb Hinfl fragment of FA759 DNA (Fig. 8 , lane E), but no hybridization was detected under high stringency (Fig. 8, lane G) . (No hybridization was detected in the area to which a freely replicating 4.2-kb plasmid would migrate in undigested FA759 DNA [ Fig. 8, lanes B and D] .)
We found essentially identical results with FA853 and FA854 (data not shown). Five independent single-colony isolates of FA759, including piliated and nonpiliated colonies, yielded similar results (data not shown).
To determine which portions of the 4.2-kb cryptic plasmid shared homology with the chromosome of strain FA759, gel-purified plasmid fragments (1.1-and 1.7-kb MspI fragments and a 1.65-kb Hinfl fragment [ Fig. 1]) were used as probes in Southern blot hybridizations under moderately stringent conditions (Fig. 9) . These three fragments spanned nearly the entire plasmid (Fig. 1) . The 1.7-kb MspI fragment hybridized weakly to a 1.6-kb chromosomal, Hinfl fragment, but the 1.1-kb MspI fragment did not hybridize significantly to FA759 (Fig. 9A and B, lane 7) . In contrast, the 1.65-kb Hinfl probe hybridized strongly to the 1.6-kb Hinfl chromosomal fragment of FA759 (Fig. 9C, lane 12) . Although we do not know precisely the location of the homologous sequences in the 4.2-kb plasmid, the region of homology probably included much of the 1.3-kb MspI fragment ( E) . The hybridization shown in lanes F and G was done first, followed by rehybridization of the same blot under moderate stringency (lanes A through E). Numbers at left are in kilobases.
DISCUSSION
We report a method to deliver an intact 4.2-kb cryptic plasmid into gonococcal strains that lack a similar autonomous plasmid. The method utilizes novel 15.7-kb Pcr plasmids derived by transformation. The 15.7-kb plasmids are cointegrates containing two copies of the 4.2-kb plasmid plus one copy of the 7.2-kb Pcr plasmid pFA3. The two copies of the 4.2-kb plasmid are arranged in direct repeat orientation in pFA38. The 15.7-kb plasmids are unstable and apparently excise a perfect copy (as determined by restriction mapping) of the acquired 4.2-kb plasmid that replicates autonomously in gonococcal hosts. Transfer of pFA38 or related 15.7-kb plasmids into a plasmid-free host, followed by curing of the Pcr plasmids, yielded isogenic Pcs strains varying only in the presence of a 4.2-kb plasmid.
Because introduction by transformation of pFA10 only resulted in larger plasmids such as pFA38 if the recipient contained a 4.2-kb plasmid ( Fig. 8 ; 2, MspI-digested pFA1 (a 4.2-kb cryptic plasmid that lacked an MspI site present in pFA101, which resulted in only two rather than three principal MspI fragments); 3, MspI-digested pFA101 (weak hybridization to small fragments in [Fig. 9A, lanes 2 and 3] indicated that the 1.7-kb MspI probe probably was contaminated by small amounts of the 1.3-and 1.1-kb MspI fragments); 4 and 9, undigested pFA101; 5 and 10, HinfI-digested pFA101; 6 and 11, undigested FA759 chromosome; 7 and 12, HinfI-digested FA759 chromosome. of hybrid 15.7-kb plasmids, which showed that both the donor and recipient 4.2-kb plasmid were present in the hybrid (Fig. 5) (Fig. 7, lanes 2, 3, and 4 ) compared with those containing pFA3 derivatives (Fig. 7,  lane 1 (22) . More direct evidence is required, however, to prove that each of the proteins we observed weakly in maxicell preparations represents a unique 4.2-kb plasmid gene product.
We were unable to confirm any of the functions postulated for the 4.2-kb plasmid, based on epidemiologic studies of unrelated clinical isolates (10, 13, 30) . Phase variation of outer membrane protein P.IIb from strain FA1079 also was unaffected by the presence of a 4.2-kb plasmid (41, 42, 44) , and there was no evidence for alterations in pilus variation frequencies, cell membrane proteins, auxotype, antibiotic sensitivities, membrane proteins, or lipopolysaccharide structure.
The increase in frequencies of transformation by the Pcr plasmid pFA10 in recipients harboring a 4.2-kb plasmid (Fig.  6 ) undoubtedly was the result of the rescue of a fragmented donor plasmid by recombination with a homologous replicon in the recipient. This phenomenon has been widely observed in many bacterial species (1, 9) and was clearly demonstrated previously for another gonococcal plasmid (4) . In another study we demonstrated that pFA10 frequently is deleted after entry by transformation if the recipient contains no homologous plasmid (17) , and recently we have observed the production of linear fragments during the entry of pFA10 (5) . The observed lack of deletions of pFA10 recovered from transformants of recipients carrying a 4.2-kb plasmid (Table  3) is consistent with this model. Because the presence of the 4.2-kb plasmid had no effect on transformation frequencies by the unrelated Pcr plasmids, and of the site of integration will require cloning and DNA sequencing, which were not attempted. Proof of the possible functional importance of the 1.6-kb chromosomal fragment that hybridizes to the 4.2-kb cryptic plasmid also will require additional evidence.
